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(54) Polymeric product produced with catalyst comprising an km pair 



(57) Polymeric product produced by 

polymerising a-olefins, diolefins and/or acetylenically 
unsaturated monomers with a catafys! comprisinfl an ion 
pair comprising an anion of the 

. |(M VO 0 0b 
formula" ' ' •'^ wherein: 

M* is boron or aluminium: 

Of to 0„ are selected independently from the group 
consisting of hydride radicals, diaOcylamido 



S?*'^.®*"^ ^ aryloxide radicals 
hydroearbyl and substituted hydrocarbyf 
and organometafloid radicals and any orie but no 
more than one of the 0, to 0„ may be a haide 

^» ^» ^ independenBy 
seiecled from the foregoing radcab; 

m is an integer from 1 to 7; n is an integer from 2 
to 8; and n-ro » d, 

the anon containing substituted aromatic carbons and 
being fluorine substituted so as to resist degradation. 
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Polymeric product produced witfi catalyst comprising an Ion pair 



(57) A catalyst is prepared by combining a f ifst com- 
pound consisting of a bis(cyclcpentadienyl)ziroonium 
compound having one of the following general Ibrmulae: 

1. (A-Cp)ZrXiX2 



2. (A-Cp)ZrX'iX'2 

3. (A-Cp)ZrL 
(Cp*)(CpR)2rXi 



atom to form a metallacycle, in which the zirconium, 
X*, and X2 form a hydrocafbocycfic ring containing 
from 3boiA 3 to aljout 20 carbon atoms; and 
R is a substituent on one of the cydopentadienyt 
radicals which is also bound to the zirconium atom. 

With a second conpound comprising a cation capable 
of donating a proton and a bulky, labile anion containing 
a single boron atom and a plurality of aromatic radicals 
capable of stabilizing the zirconium cation formany hav- 
ing a coordination rmtet of 3 and a valence of +4 
which is formed as a resutt of the combination, said sec- 
ond compound having the general fornula: 



Wherein: 

(A-Gp) is either (CpKCp-) or Cp-A^CSp* and Gp and ~ 

Cp* are the same or different substitinted or unsub- 

sb'tuted cydopentadienyt racficals: 

A* is a oovalent bridging group; 

L is an olefin. diofeTn or aryne ligand; 

Zr is zirconium; 

X, and X2 are. independently, selected from the 
groi^) consisting of hydride radicals, hydrocarbyl 
radicals, subslituted-hydrocarbyl radicals, organo- 
metaltoid racficals and the like; 
X*i and X 2 are joined and bound to the zirconium 



[L-HriBAriArgXaXJ 

Wherein: 



L' is a neutral Ljewis base; 
His a hydrogen atom; 
[L'-HT is a Bronsted add; 
B is boron in a valence state of 3; 
Ar, and Arg are the same or different aromatic or 
substituted-aromatic hydrocarbon radicals which 
may be linked to each other through a stable bridg- 
ing group; and 

X3 and X4 are. independently, selected fron the 
group oonsistirig ol hydride radicals, halide radicals. 
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hydrocarbyt radicals, substituted-hydrocarbyl radicals^ organometaDoid radicals and the Eke. 

Many of Ih catalysts thus formed are stabl and isolatrfe and may be recovered and stored The catelystsrnay be pr^ 
tormed and then used to polymerize oleJins, dSoteTins and/br acetylenically unsaturated compounds either alone or in 
combination with each other or urilh other monomers or the catalysts may be tormed in sHu during pdymer ization by 
adding the s^ate conTponerts to the polymerization reactkn Th catalyst wiD be tormed when the two components 
are contined in a suitable solveni or diluent at a lenperatwe whhin the range from about -1 OO'C to about 300'C. The 
catalysts thus prepared aftord better oontrol of polymer mdecular weight and are not sUtiject to equiajrium reversal. 
The catalysts this produced are also less pyrephoric than the nwe cowerti^ 
catalysts. 
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Description 

[0001) This a Continuation-ln Paft of U. S. Patent Application Serial Na 008.800, Hed January 30, 1987. 

5 BACKGROUND OF THE INVENTION 

[0002] This invention relates to compositions of matter which are useful as catalysts, to a method tor preparing these 
catatysts. to a method of using these catalysts and to polymeric products produced with these catafysts. More particu- 
larly, this invention relates to catalyst compositions, to a method of preparing these catalyst conpositions. to a method 
10 for polymerizing oief bis, dioteTins and/or acetylenicany unsaturated monomers wherein these catalysts are used and to 
homopolymer and copolynner products produced vvith these catatysfe^ 

[0003] The use of so1ut)le riegter-Natta type catafysts in the polymerization of olefins is. of course, weQ known in the 
prior ait In general, these soluble systems comprise a Group IV-B metal compound and a metal alkyi cocatafyst, par* 
ticularly an aluntnum alkyI oocatatysL A subgenus of ttiese catalysts is that subgerujs conprising a te(cydopenla(fl- 

15 enyi} conpound (rf the Group W-B metals, particularly trtantum. in contination with ahmiinum aO^I cocatalysts. WhSe 
speculation remains concerning the actual structure of the active catalyst species in this subgenus of soluUe Ziegler- 
Natta type oidin polymerization catalysts, it would appear generalty accepted thai the adive catalyst species is a cation 
or a decomposrtion product thereof which will alkylate an olefin in the presence of a labBe stabiGiing anion. This theory 
may have llrst been advocated by Breslow and Newtxjrg. and Long and Brcslow. as indicated in their respectwe articles 
appearing in J. Am. Chem. Soc.. 1959. Vol. 81. pp. 81-86. and J. Am. Chem. Soa. 1960, Vol. 82, pp. 1953-1957. As 
indicated in these articles, various studies suggested that the active catalyst species is a litaniurTvalkyl complex or a 
spedes derived therefrom when a titanium compound; viz.. bis(cyclopcnladienyI)tjlanium dihalide. and an aluminum 
alkyl are used as a catalyst or catalyst precursor. "The presence of ions. aQ being in equilibrium. v4ien a titanium com- 
pound is used was also suggesled by DyachkovskTi. Vysokomol. Soyed.. 1965. Vol. 7. ppi 114-115 and by Dyachko- 

» vskfi. Shilova and Shitav. J. PofymSd.. Part C. 1967. pp. 2333-2339. That the active catalyst species is a cation 
conplex when a titanium compound is used, was further suggested by Eisch et al., J. Am. Chem. Soc.. 1985. Vol. 107. 
pp. 7219-7221. 

[0004] WNle the foregoing articles teach or suggest that the active catalyst species is an ion pair and. partcularty an 
ion pair wherein the Grotp IV-B metal component is present as a cation or a deconposition poduct thereof, and wNle 

30 these refermes teach or suggest coordination chemistry to form such active catalyst species, all of the articles teach 
the use of a cocatalyst conprising a Lewis acid either to form or to stabilize the active ionic catalyst species. The active 
catalyst is. apparently, formed through a Lewis addlewis base reaction of two neutral components (the metal-tocene 
and the aluminum alkyl). leading to an equifibrium between a neutral, apparently inacthre. addud and an ion pair, pre- 
sumably the active catalyst. As a result of this equilibrium, there isaconpetition tor the anion wtvch must be present to 

35 stabilize the active cation catalyst species. This equilibrium is. of course, reversible and such reversal will deactivate the 
catalyst Moreover, the catalyst systems heretofore contemplated are subject to poisoning by the preserKe of basic 
inpurrties in the system. Further, many, if not aD. of the Lewis acids heretofore contenplated for use in soluble Ziegler- 
Natia type catalyst systems are chain transfer agents and, as a resuH. prevent effective control of the product polymer 
molecular weight and molecular weight disUibution. Still further, the catalyst systems heretofore proposed do not gen- 

<o erafly fadfHate incorporation of a significant amount of a plurality of different monomers or random distribution of such 
m(yiomers when used in copolymerization processes, particularty a-olefin copolymerization processes. Stai even fcir- 
thff. most, if not ail. of the metal aDcyl cocatalysts heretofore contemplated are highly pyrophoric and. as a resuH. haz- 
ardous to use. 

[0005J The aforementioned catalyst systems are not highly active, nor or they generally active when zirconium or haf- 
45 nium is the Group IV-B metal used. Recently, however, rt has been found that active Ziegler-Natta type catalysts can be 
formed when bis(cyclopentadienyt) compounds of the Group IV-B metals, Including zirconium and hafnium, are used 
with alumoxanes. As is well known, these systems, par ticularty those comprising zirconium, offer several distinct advan- 
tages, induding vastly higher activities than the aforementkyied bis(cyckpentadienyl)tHanium catalysis and the produc- 
tion oi polymerB with narrower molecular weight distributions than those from conventional Ziegler-Natta catalysts. 
50 th^fwwtly devetoped catalyst systems still yield polymeric products having relatively. low _rTOl«itor_weigf^^ 
ever. Moreover, these recently developed catalyst systems have not affected the amount of conxjnomer incorporated 
into a copolymer or the relative distribution of such monomer thereia Further, these systems remain subject to poison- 
ir^ when basic impurities are present and require an undesirable excess of the alumoxane to function efficiently. 
[0006] Bis(cyctopeniadienyf)hafnium conpounds used with alumoxane cocatalysts have offered few. if any. advan- 
55 tages when conrpared to analogous bis(cyctopentadieriyl)tHarpum a -zirooruum catalysts with respect to catalyst acfiv- 
ity. polymer molecular weights, or extern or randomness of oomonomer incorporation. This has been suggested by 
Giannetti. Nicolclti. and Mazzochi. J. Pdym. S6.. Polyia Chem. 1985. Vol. 23. pp^ 21 17-2 133. who claimed that the eth- 
ylene polymerization rates of bis(cyclopentadienyl)hatnium oorrpounds were five to ten times Slower than those ol sim- 
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ilar t3is(cyciopentadieny02irconium compounds while there was Kttle difference between the two catalysts in the 
molecular weight d the polyethylene formed from them. European Patent Application No. 200.351 A2 (1986) suggests 
that in the copolymeriration d ethylene and propylene there is little difference among bis{cyclopentadienyf)tilanium. - 
zirconium, and -hafnium compounds either in polymer molecular weights and molecular weight distributions or in abdity 

5 to incorporate propylene randomly. Recently, however. Ewen et al. disclosed in J. Am. Chera Soc.. 1987. Vol. 109, pp. 
6544-6545, that chiral hafnium metallocene compounds used with an alumoxane cocalafyst gave isolactic polypropyt- 
ene of higher nfv)lecu)ar weight than that obtained from analogous chiral zirconium metaHocenes. 
(0007) In light d the several deficiencies of the coordination catalyst systems heretofore contemplated, the need tor 
an improved catalyst system which: (1) pernvts better contrd d molecular weight and molecular weight disiribuion; (2) 

10 Is not subject to activation equilibrium and (3) does not involve the use d an tffidesirable cocatalyst is believed i eadBy 
apparent The need lor a catalyst system which wiO facilitate the production d higher molecular wefghl polymeric prod- 
ucts and facilitate incorporation of a larger amount d comonomer into a copolymer and alt& the relative distrSxrtion d 
such comonomers in such copolymers is also believed to be readily apparent. 

15 SUMMARY OF THE IWVEHTIOM 

[0008] II has new been discovered that certain d the foregoing and other disadvantages d the prior art ionic defin 
polymerization catalysts can be avoided, or at least reduced, with all d the ionic catalysts of the present invention and 
that all of the foregoing and other disadvantages d the prior art ionic olefin polymerization catalysts can be avoided, or 
20 at least reduced, with certain of the ionic catalysts d this invention and inproved defin, diolefin and/or acetylenicaDy 
unsaturated monomer polymerization processes provided therewith. It is, therefore, an object d this invention to pro- 
vide improved ionic catalyst systems which are usdul in the polymerization d olefins, diolelins and/or acetylenicaBy 
unsaturated monomers. 11 is another object of tNs invention to provide a method for preparing such improved catalysts. 
It is a further objed d this invention to provide an improved polymerization process using such irnproved catalysts. It is 

. PS still another object of this invention to provide such an irrproved catalyst which is not subject to ion equilibrium reversal. 
It is stilt a further object d this invention to provide such an improved catalyst wtuch may permit better contrd of the 
product polymer molecular weight and molecular weight distribution. It is yet another object d tfiis invention to provide 
such an improved catalyst which may be used with less risk d fire, ft is yet a further object d this invention to provide 
certain inproved catalysts, particularly certain hafnium containing catalysts, which wilt yield relatively high mdecdar 

30 weight polymers. R is even ariother objed d this invention to provide certain improved catalysts, particularty certain haf- 
nium containing catalysts, which win yield copolymers containing relativety large amounts d a plurality d comonomers. 
wNch comonomers are distributed in a manner at least approaching randomness. It is even a further object d this 
invention to provide polymeric products produced with these catalysts having relatively narrow molecular weight distri- 
butions and wNch are free of certain metal impurities, h is still even another object d this invention to provide certain 

35 polymeric products, prepared with certain d these catalysts, having relatively high molecular weights. « is still even a 
further objed d this invention to provide certain copolymers, prepared with certain d these catalysts, containing rela- 
tively large amoums of a plurality of comonomers, which comonomers are distributed in a manner at least approaching 
randomness. The foregdng and still other objects and advantages d the pesent invention will become apparent from 
the description set forth hereinafter and the examples included herein. 

40 {0009] In accordance with the present invention, the foregoing and other objects and advantages are accomplished 
with and by using a catalyst prepared by combining at least two components. The first d which components is a 
bis(cydopentadienyl) derivative of a Group IV-B metal conpound containing at least one ligand which will combine with 
the second component or at least a portion thereof such as a ation portion thered. The second of which components 
is an ion-exchange compound comprising a cation vvhich wiD irreversibly read with al least one ligand conlained in said 

45 Group IV-B metal compound (first conponed) and an anion which is a single coordination complex comprising a plu- 
rality d lipophilic radicals oovalently coordinated to and shielding a central formaHy charge^aring metal or metalloid 
atom, which anion is bulky, labile and stable to any reaction invohfing the cation d the second component. The charge- 
bearing metal or metalloid may be any metal or metaltoid capable d forming a coordination conplex which is nd hydro- 

^ lyzed by aqueous solutions. Upon combination of the first and second conponents. the cation d the second conponeni 

so "Teads with one d the Dgandsd thefiisl component, thereby generating an ion pair consisting d a-Group lifcB metal 
cation with a formal ooordinatkm number of 3 and a valence d 44 and the aforementioned anion, which anion is com- 
patible with and nonooordinating towards the metal cation formed from the fir» conponenL The anion d the second 
conpound must be capable d stabilizing the Group fV-B metal cation conplex without ihtetlering with the Group IV-B 
metal cation's or its deconposition produd's ability to function as a catalyst and must be sufficiently labile to permit ds- 

55 placement by an defia didef in or an acetylenicatiy unsaturated monomer during pdymerizatioa For example. Boch- 
mann and Wison have reported (J. Chera Soc.. Chem Comm.. 1986. pp. 1610-1611) that 
bis(cydopentadienyt)titanium dimethyt reacts with tetrafhiorcbork: acid to fbrm bis(cydopentadienyl)titanium methyl 
tetraftuoroborate. The anion is. however. insuflk:ientty labile to be displaced by ethylene. 
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PnAlLED DESCRIPTION OF THE INVENTION 



(0010) As incficaled supra, the pf sent irwemion relates to catalysts, to a method for preparing such catalysts, to a 
method lor using such catalysts and to polymeric products produced with such catalysis The catalysts arc particularty 

5 useful tor polymeriiing a-defins. diolefins and acetytenicaDy unsaturated monomers either alone or in contjination with 
othef a-oleiins. dioletins and/or other unsaturated monomers. The improved catalysis are prepared by corrtiining at 
least one firsi corrpound which is a bis(cycfopentadienyl) derivative of a melaJ ol Group IV-B ol the Pexiodic TaWe d the 
Elements containing at least one ligand v^rhich vwH combine with the cation ol the second compound vkrhich first com- 
pound is capable of forming a cation formally having a coorcfinalion nunlber of 3 and a valence of 44 and at least one 

10 second conpound which is a salt corrprising a cation capable of donating a proton wNch will brevefsibly oonlbine with 
said at least one Egand (substituent) Eberated by said Group IV-B nrtetal cpnpound and an anion which is a single ooor> 
dination cornpfex comprising a charge-bearing metal or metalloid core, which anion is both bulky and tabae, conpatrUe 
with and noncooidinating toward the Group IV>B metal cation formed from the first compontfit. end capable ol stabiliz- 
ing the Group IV-B metal cation without interfering with said Group W metal cation's or its deconposition products 

15 a!^ to polymerize o-olef ins. diolefins andftv acetyfenicaOy unsaturated monomers. 

[001 1] AD reference to the Periodic Table of the Elements herein shafl refer to the Periodic Table of the Elements, pub- 
lished and copyrighted by CRC Press. Inc.. 19B4. Also, any reference to a Group v Groips shaH be to the Group or 
Groups as reflected in tins Periodic Table of the Elements. 

|001 2] As used herein, the recitation *oonrpatible non-coordinating anion' means an anion v^ either does not coor* 
20 dinate to said cation or which is only weakly coordinated to said cation thereby remaining sufiiciently labTe to be dis» 
placed by a neutral Levws base. The recitation "conpatWe noncoordinating anion" specifically refers to an anion which 
when functioning as a stabilizing anion in the catalyst system of this invention does not transfer an anionic substituent 
or fragment thereof to said cation thereby forming a neutral tour coordinate metaflocene and a neutral metal or metalloid 
byproduct. Compatible anions are anions which are not degraded to neutrality when the initially formed oonplex 
25 decomposes. The recitation 'metalloid, as used herein, includes non-metals such as boron, phosphorus and the GKe 
which exhhil semi-metallic characteristics. 

[00131 TheGroip IV-B metal compounds; i.e.. titanium, zirconium and hafnium conpounds. useful as first corrpounds 
in the preparation of the improved catalyst of this invention are bis(cyclopenladienyl) derivatives of titanium, zirconium 
and hafnium. In general, useful titanium, zirconium and hafnium conpounds may be represented by the following gen- 
30 eral formulae: 



1. (A-Cp)MXiX2 

3S 2. (A-Cp)MX'iX*2 

3. (A-Cp)Mt 

4. (Cp*)(CpR)MXi 

40 



[0014] Wherein: 

(A-Qp) is either (Pp}(Cp*) or Cp-A'-Cp' and Cp and Cp' are the same or different substituted or unsubstituted 
cydopentadienyt radicals wherein A' is a oovaient bridging group containing a Grotp IV-A element; 
M is a metal selected from the Group consisting ol titanium, zirconium and hafnium; 
L is an otetin. diolefin or aryne ligand; 

and are. independefrtiy. selected from the group consisting of hydride radicals, hydrocarbyl radicals haviig 
so from 1 to about 20 carbon atoms. 6ubstilutedrhydrocart)yl radicals, wherein one,Of more of th e hydrogen atons are 
replaced with a halogen atom, having from 1 to about 20 cartxw atoms, organometalloid radicate conprising a 
Groip IV-A element wherein each of the hydrocait>yl substitutions contained in the organic portion of said organo- 
metalloid. independently, contain from 1 to about 20 caitxyi atoms and the like; 

X't and X 2 are joined and bound to the metal atom to form a metallacyde. in whi(*i the metal atom. X'^ and Xg form 
55 a hydrocarbocydic ring containing from about 3 to about 20 carbon atoms; and 

n is a substituent. preferably a hydrocait>yl substHuent. on one of the cydopentadienyl radicals which is also bound 
to the metal atom. 
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Each cartXKi atom in the cydopentatf enyl radical may be. independently. iinsut)strtuled or subst'rtuled with the same or 
a differ^ radical selected from the group consisting of hydrocaft)yl radicals. std)StitutecMiydrocafby1 radicals wherein 
one or more hydrogen atoms is replaced by a halogen atora hydrocarbyl-substituted metailbid radicals wherein the 
metalloid is selected from Groip IV A of the P riodic Table of the Elements, and halogen radicals. Suitable hydrocarbyl 

5 and substiluted-hydrocafbyt radicals, wttch may be subst'rtuted lor at least one hydrogen atom in the cyclopenladienyl 
radical, will contain from 1 to about 20 carbon atonts and include straight and branched alkyl radicals, cycfic hydrocar- 
bon radicals. alVyl-substituted cydic hydrocarbon racficals, aromatic radicals and alkyl-substituted aromatic radicals. 
Similarly, and when Xt and/or X2 is a hydrocarbyl or substituted-hydrocartryl radical, each may, independently, contain 
from 1 to about 20 carbon atorrs and be a straight or banched aJkyI radcal. a cyclic hydrocarbyl radical, an aJkyl-sub- 

10 stituled cyclohydrocarbyl radical, an aromatic radical or an alkyl-substituted arorrwrtic radical. Suitable oiganometaKwd 
radicals include mono-, di- and trisubslituted organometaltoid radicals of Group IV-A elements wherein each of the 
hydrocarbyl groips contain from 1 to about 20 carbon atoms. More particularly, suitable organometaDoid radicals 
include Uimelhylsilyl. triethylsilyl. ethyldimelhylsilyl. methyWiethylsilyl, triphenylgernv*. trimethylgermyl and the IBte. 
(001 5) niuslrative. but not Timfting examples of bis(cydopentadienyl)2lrconium compounds which may be used in the 

IS preparation of the improved catalyst of this invention are dihydrocaibyl-substituted bis(cyclopentadienyOzirconium com- 
pounds such as bis(cydcpentadieny1)2trcoi^um dintethyl. bis(cyclopenladienyl)2irconium diethyl. bis(cydopentadi' 
enyl)zirconium dipropyf. bis(cydopentadienyl)2irconium dibulyl. bis(cydopentadienyf)zirconium diphenyl. 
bis(cyclopentadienyt)2irconium dineopentyl. bis(cydopentadienyl)2irconium di(m-tolyl), bis(cyclopentadienyf)2irconium 
di(p-tolyl) and the like: (nrx)nohydrocarbyl-substjtutedcydopenladienyl)2irconium compounds such as (methylcyclopefv 

X ladienyl) (cyclopentadierTyl) and bis(melhylcyclopenladienyl)2irconjum cfimethyl. (cthylcyctopentadienyl)(cydopentadi- 
enyl) and bis(ethytcyclopentadienyl)2irconjum dimethyl. (propy*cyclopentadienyf)(cydcpentadienyl) and 
bis{pfOpyk:ydopenladienyI)2irconium dimethyl. [(n4)utyI)cydopentadienyl)(cydopen!acfienyl) and bis{(n-butyOcydopen- 
tadienyI)zirconium dimethyl. ((l-butyl)cydop€ntadienyfl(cydopentadienyl) and bis|(t-butyl)cydopentadienyl]zirconium 
dimethyl. (cydohe)fylmethylcydopemadienyO(cydopentadienyl) and bis(cydohe)(ylmethytcyclopentadienyf)2irconium 

» dimeihyl. (ben2ylcydop€ntadienyl)(cyclopentadienyl) and bis(ben2ytcyctopentadienyf)2ifConium dimethyl, (diphenyl- 
methylcyctopentadienyl)(cydopentadienyl) and bis(diphenylmethylcydopentadienyl)2irconium dimeihyl (methylcy- 
clopentadienyl){cyclopenta(Senyl) and bis(methyteycIopentadtenyl)2ircontum dihydride. 

(elhylcyclopentadienyl)(cyclopcitiadiefTyl) and b*s(elhylcydopentadi€nyl)zirconium dihydride. (propylcydopentadi- 
enyl)(cyclopentadienyO and bis(propylcyclopentadienyt)zirconium dihydride. I(r)-bulyl)cyclopentadienyl](cydopentadi- 

30 enyO and bisI(n-buiyl)cyclopeniadienyllzirconium dihydride. I(l-butyl)cydopentacJienyl](cyctopentadienyl) and bis|(t- 
butylKydopenladieny02irconium dihydride. (cyclohexylmelhylcyclopentadienyO(cydopentadienyl) and bis(cyclohexyl- 
- methytcyclopentadienyOzirconium dihydride. ^en2ylcyctopentadienyl)(cydopentadienyO and bis(ben2ylcydopentadi- 
enyl)2irconium dihydride. (diphenylmelhyIcydopenladienyl)(cycloper\tadienyO and 

bis(dphenylmethylcydopentadienyl)2irconium dihydride and the like; (potyhydrocarbyt-substituted cyclopentadienyl)zir- - 

35 conium compounds such as (dimethylcyclopertadienyl)(cyd6pentadieny1) and l»s(dimethylcyclopeniadieriyO»'Conium 
dimethyl, (liimethyfcydopentadienyl)(cyclop€niadienyI) arxJ bis(tJimethyfcyclopentadienyl)2iroonium dimethyl, (tetam- 
elhytcydoperTtarfienyl)(cydopentadienyl) and bis(tetamethylcyclopentadienyl)2irconium dimethyl, {permethylcyclopen- 
tadienyI)(cyclopentadienyO and bis(permethylcyclopentadienyl)2irconium dimethyl. 

(ethyl!etramethytcyclopernadieny!)(cyclopentadienyI) and bis(ethyftetfamethylcydopentadienyl)2irconium dimethyl. 

40 (IndenylXcyctopentadienyl) and bis(indenyf)2irconium dimethyl. (dimethylcyclopentadienyl)(cydopentadienyl) and 
bis(dimelhytcydopentadienyl)2irconium dihydrkJe. (lrimethylcydop€nladienyl)(cyclopenladienyO and bis(tjimethylcy-- 
^topentadienyl)2irconium dihydride, (tetramethylcyclopentadienyl)(cyclopentadienyl) and bis(!elramethylcydopentatfi- 
eny02irconium dihydrkJe. (permethylcyctopentadienyl)(cydopemadienyl) and bis(permethyfcyclapemadieny02irconium 
dit^rkfe. (elhylteliamethylcydop€ntatfienyl){cydopentadienyl) and bislethyftetramethyteyclopentadienyOzirconium 

45 dihydrkJe. (indenyO(cydopentadieny1) and bis(indenyf)2irconium dihydrkJe and the Dte; (metal hydrocarbyl-subsUtuted 
cydopentadienyl)2irconium compounds such as (trimethylsilyk:ydopentadienyl)(cyclopentadienyl) and bis<trimethylEi« * 
lylcyctop€ntadienyl)2irconium dimethyl. (trimethylgermyJcydopentadienyt)(cyclop€ntadienyl) and bis(tiimethylgefmyl- 
cydopentadieny!)2irconium dimethyl. (lrimethylstannyicydopertiadenyI){cydcpentadienyl) and bis(trimethyl 

6tannylcyctopenlarfienyf)2iicpnium dimel^ cydopenladienyl)(cydopentadienyl) and bis(trimelhylp- 

so lumbylcyctopentadienyl)2irconium dimetl^. (trimethyisilyicydopenta^ tws(trimethylsitylcy- 
ctopentadienyOzirconium dihydride. (lrimethylgermylcyclopeniadienyl)(cydop€ntadienyl) and 

bis(lrimelhylgermylcyclopenladienyl)2irconium dihydride. (trimethylstannyk:ydopentadienyl)(cydop€ntadienyl) and 
bis(liimethilslannylcyclopenia(fienyl)2irconium dihydrkJe. Ctrinnethylplunt)ylcydopenladienyl)(cyclopentadienyf) and 
bis(trimet^plumbylcydopentadier!yi)2irconium dihydrkJe and the lAte: (halogen-substtuted cydopentadienyl)2iroo> 

55 nium compounds such as (trHluoromelfvlcydopentadienyl)(cydopentadienyl) and bispraiuoromethylcydopentad^ 
eny02ircorttum dimethyl, (trllluoromethylcyclopentadienyl)(cydopentatfienyl) end 

bis(lrilkioromethylcydopentadienyl)zirconium dihydrkJe and the like: sHyf-subsUtuted (cydopentadier^)zirconium com- 
pounds such as bis(cydopentacfieny02irconium di(trimethytsilyl). bis(cyclopentadienyl)2irooniumdi(phenytcfimethylsilyl) 
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and the like; (bridged<yciopentacfienyl)zirconhjm oonpounds such as methylene bcs{cyclopentadienyt)zirooniuni cfime- 
thyt. ethylene bis(cydopentadienyQzirconium dimelhyt, dmethylsilyl bis(cyctopen!acfienyOzirconium dimethyl* methyl- 
ene te(cycU)pentadienyl)zirooreum dihydride and dimethylsilyl te(cyclopem3dienyOzirconium dihydride and the like; 
bis(cyciopentadieny02'rrconacycles such as bis(p ntame)hytcydopentadienyl)zirconacyc1obutane. t)ts(pentamethylcy- 

5 cIopentadienyl)zirconacyctopentane. bts^cyclopentadtenyOzirconatndane and the fike: olefin, diolelin and aryne Ggand 
substituted bis(cydopentadienyl)zirconium compounds such as bis(cyclopentadienyl)(l.3-buladiene)zirconium. 
bis(cyctop€ntadienyO(2,3-dimethy1-l.3-butadiene)2ircon!um, bis{pentamethy1cyclopertacfienyO(b€nzyne)zirco«um and 
the HKe; (hydrocarbyl)(hydride}substituled bis(cydopentadienyl)zircorium compounds such as bis(pentamethytcy- 
ctopentadienyOzirconium (phenyf)(hydride). bis(pentamelhyfcydDpen!adieny02irconium(melhyl)(hydride) and the like; 

10 and bts{cyck5)entadienyl)2irconjum compounds in which a substituent on the cydopertadienyl ra(fica) is bound to the 
metal such as (pentamethylcyctopentadienyf)(teiramelhylcydopenladienytmethylene)zi hydride, (pentamethyl- 
cyckipentadenyq(te(rametfiytcyclbpentadief^i^^ phenyl and the like. 

(0016) A similar list of ilhistrBtive bis(cyclopentacSenyl)halnium and bis{cyclopentadienyl)titanium compounds cxM 
be made, but since the lists wouU be nearly Uentical to thai already presented with respect lo bis(cyckpentadienyl)zir- 

15 conium conpounds. such fists are not deemed essential to a complete disclosure Those sMOed in the art however, are 
aware that bis{cyctopentadienyl)hafnium compounds and bis(cych)pentadienyl)titanium compounds corresponding to 
certain ol the bis(cyclopentadienyf)zircomum compounds listed supra are not knc^. The lists would. Oieretore. be 
reduced by these compounds. Other bJs(cydopemad]enyf}hafnium compounds and other bis(cyck)pentadieny1)litanium 
conpounds as weO as other l:»s(cydopentad)enyt)zirconium compounds which are useful in the catalyst corrposhions 

!o ot this invention will, ol course, be apparent to those skilled in the art 

{0017] Conpounds useful as a second conponent in the preparation of the catalyst of this invention will comprise a 
cation, which is a Bronsted acid capable of donating a proton, and a conpatible noncoordinating anion containing a sin- 
gle coordination conplex comprising a charge-bearing metal or metalloid core, which anion is relatively large (bulky), 
capable ol stabilizing the active catalyst spedes (the Croup IV-B cation) which is fonned when the two compounds are 

25 combined and said anion vinn be sufiiciently labile to be displaced by olelinic. diolelinic and acetylenicalty unsaturated 
substrates or other neutral Lewis bases such as ethers, nitriles and the Ske. As indicated supra, any metal or metalloid 
capable of forming a coordination complex which is stable in vyater may be used or contained in the anion of the secorvl 
conpound. Suitable nnetals. then, include, but are not lirrvted to. aluminum, gold, platinum and the fike. Surtatile metal- 
Idds include, but are not limited to. boroa phosphorus, silicon and the like. Conpounds containing anions wNch com- 

90 prise coordination complexes containing a single metal a metaOoid atom are. of course, well known and many, 
particularly such compounds containing a single boron atom in the anion portion, are available commerdally. In Kghl of 
this, salts containing aroons comprising a coordination conplex containing a single boron atom are preferred. 
(001 8] In general, the second conpounds useful in the preparation ol the catalysts of this invention may be repre- 
sented by the flolkMing general tbrmula: 

r-H)U(MrO,02---OJ* 

[0019] Wherein: 

40 I* is a neutral Lewis base; 
His a hydrogen atom; 
[L*-HI is a Bronsted acid: 

M* is a metal or metaltoid selected from the Groups subtended by Groups V-B to VrA of the Periodic Table of the 
Elements; ie.. Goups V-B. Vl-B. Vll-B. VIII, l-B, ll-B. lll-A. IV-A. and V-A; 
45 Of to On are selected, independently, from the Groip consisting ot hydride radicals, diatkylamido radicals, alkoxide 
and arytoodde radicals. hydrocart>yl and sUbstrtuled-hydrocait>yt radicals and organometafloid radicals and any one. 
but not more than one. of 0, to may be a halide radical • the remaining 0| to Q„ being, independently, selected 
from the foiegotng radcals; 
mis.anintegtffrornJto7^ 

so n is an integer from 2 to B: iini" ' — — 

n-msd. 

Second compounds oorrprising boron which are particularly usehi) in the preparation of catalysts ol this invention may 
be represented the following general formula: 

55 

|L-H]*IBAr,Ar2X3XJ 

[0Q?0) Wherein: 
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L' is a neubal lewis base: 
His a hydrogen atom: 
(L-HJ*isaBionstedacid: 

BisbOfoninavalencestaleol3: i.™„ ah™* 

Ar, and Af, are the same « diHe.ent aromatic o. substHutec^aromatic hydrocarbon radicals cwteming Irom about 
6 to about 20 earbori atoms arxl may be lir*ed to each other through a staMe bridging 
r^ra'e.8dicalsseleded.irx)eperx)ently.tremtheg,o* 

ttipro^that only X, « X, win be haWe at the same time, hydrcearbyl radicals contan»<g Irom 1 Jo aboUM 
eXZ^sTLAd^iirocarbylradicals. wherein oneormoreoim^ 

S^^S Ir-nTto about 20 carbon atoms. hydrocarbyt-sUbstituted metal <"9ar«»netan«d) rac^^ 

SSar!;S«Ltvls.tstiluti^ 

Groip IV^ A W the Pwiodie TaUe ol the Elements and the like. 

in oeneial. Ar, and Ar, may. independently, be any aromatic or sii«liluted*omalic Mrocarbon 'f^" ^^^^ 
Irc^aLeiiabout^rrtx^ atoms. Suitable aromaecradic* 

alracenyl radicals. Suitable substituents on useM sU)stilule*aromalic hydrocarbon radcals. -neWe but are nrt 
Sy SSa hydrocarbyl radicals. organomeU**! ««Scafe atoxy ratfcrds. '^^^^^ 
tS^Lrbylradicarand the lite such as those useWasX, or X4.TbesuW.tj^ 
ie^theclnanunbor^edto the boron atom, men eithera 

may be the same or a di«erent aromatc or substituted-aromalrc ratfeal asare and A,^. "J* JT'^'^ 
straight or bra-Khed alkyl. all^yl or alkynyl radical having hom 1 to about 20 carbon ^^■^^^^'^r: 
ical having Irom about 5 to about 8 ca*on atoms or an alky|.s.*stituted cydic hydrocarbon radca havmg Irom abort 
6t0 aboJzO carbon alorrs. X, and X, may also, independently, be altoxy or tfaDcylamrio racfcals '^e.e.pjh^tfqj 
Dcrtionol said altoxy and dalkylamido radicals contains torn 1 to about 20 crbon atoms, hydrocarbyl radicals and 
SSnomeWWd^s having Iromlto^ZOcarbonatomsandthel^e^ 

rrtwJ to each other. Similarty. either or both ol Ar, and Atj could be linked to edher X, or X,. F«ially. X3 and X4 may 
also be tnhed to each Other through a suitable br idging group. 

100211 inustralive.buinolli.T«ing. ewnples olbwoncompcwnds which may be used as a second cxinyx^^ 
i,epa«tion 01 the .nproved calalysfe ol Ws invention are Uialkyl-su««tituted ammonium f "f 
rtTletratohenyllboron tripropylammonium tetra(phenyl)boron. trKn-butyl)ammonnim tetra(phenyl)boron. t.»nethyl- 
^ISS^ teuT(p...SS^ irimethylammonium tetraCo-tolyObcon ^^^^^ 
fetratpentalK^rophenyDtoron. lrip,opylan«»nium tetra(««HJimethylphenyOb«ron. ''i^— "\ 
ZXiDhenyltowon bibutylammonium tetiaOi-Wkioromelhylphenyljboroa trfcutylammonium tetia(pentalluxc,)he- 
nX^n^JSSn^umtet,a(o-to.yl)boronand^ 
ir^traUnrtSMon, N.N^ethylarilinium tetra(pheny))boron. 

the lite;di^Manmmium salts such asdifHpr<vyl)ammoniumtetra(pen^ 
nium tetia(phenyl)boron and the like: arxJ triaryl phosphonium saHs such as •'*'''*^'P'«jTr ^ 
ttlCmethylphenyllf^wphonium teta(phenyl)boron. Ndimethylphenyl)phosphor»um leb^ 
I0i22lSimila 'tsts ol suitable conpoun* containing other metals and melallo* wh* are |«elul ^J^^ 
ione* couW be made, but such lists are not deemed necessary to a oomplete 0^^^ X^i^lS^wS 
note! that the tor egoir^ list is not intended to be exhaustive and other boron a«ipounds that would be useU as^weD 
^^eMcoJ^Sntainingothermelalsormdalk^ 

Sr 'taJi^'u^thP^l f'st components iderrtHied above may be combined with most second cwnpor»* 
Identified above to produce an actve oWm polymerisation catalyst H is important to ^^^^"^ 
lions that either the metal cation initially lormed Irom the liist component or a decomposition produd thereof beawte- 
tivelvstdble catalyst It is also inponant that the anion ot the second conpound be dable to hydrolysis when an 
anmnium salt is «ed. Further. H is important that the acidity ol the second corrponent be ^^^.M to Iho 
ftst-totecJilatetheneededprolon transfer. Conversely, the basicity olthemetal^ 

SSe^ proton traLr. aeitaii mlteBocehe conpounds - using t*(pentamethylcyclopen^tefn^ 

SeS^VStSraliv.. but not limiting e^nple-areresi^ 

and •« are not suitable as lirst eonpoTHints to torm the catalysts of this nventiw^^ 

enyl)metal cortpoun* wt«*. can be hydrolyzed by aqueous solutions can be consider ed 

to torm the catalysts described hereia .,.-ok-i 

100241 With .espectto the eon*inalion of first (metaKwitaininB) component to second componentto forma caWyd 
of this invention, H should be noted that the two compounds corrWned tor preparation of the »f «f 
seleded so as to avdd transfer ofafragmentdBiearioaparliaterfy an arylg.c»p.tothe metal cation, tt^^ 

ing a catalytically inactive species. This eouM be done by steric hindrance, resulting from substitutes on the cyctopen- 
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ladenyl carbon atoms as wefl as substitutions on the aromatic carbon atoms o1 the anion. It follows, then, that metal 
conpounds (first conponents) comprisinQ perhydrocarbyl^lituled cydopertadienyl radicals could be eHectively 
used with a broader range of second compounds than coUkI metal compounds (first conponents) comprising unsub- 
stitirted cyclopentadienyl radicals. As the amount and size of the substitutions on the cyclopeniadienyl radicals are 
5 reduced, however, more effective catalysts are obtained wHh second corrpounds containing anions which are more 
resistant to degradation, such as those with substituerts on the ortho positions of the phenyl rings. Another means of 
rendering the arioo more resistant to degradation is afforded by fluorine substhution. especially perfluoro-substitution, 
in the ar»oa fTuoro-sUbstituted stabiraing anions may. then, be used with a broader range of metal conpounds (fret 
cofTponertts). 

10 [0Q2q In a further aspedd the invention, there is prarided an organometalBcconpoundf^^ 
following general tornutae : 

[(A^)MXJ dttwr OA- .OJ* 1. 
,5 l(A.Cp)MX,LlJ(MrOA...Qn)* ^' 



so 



[0026] Wherein: 

M is a metal selected from the Group consisting ot titanium, zircortunx and hafnium; 

(A-Cp) is ehher (Cp)(Cp*) or (Cp-A'-Cp- and Cp and Cp* are the same or diWerent siA)stituted or unsubslituted 

cydopentadienyl radicals; 

A' is a covalent brkJ^ng group; . _^ 

X| is selected from the group consisting of hydride radicals, hydrocarbyl radicals; substituted-hydrocarbyl radicals, 
or organometanoid radicals; L' is a neutral Lewis base; 

M* is a metal or metalloid selected from the Groups encompassed by Ooups V B to Vl-A of the Periodic Table of 
the Elements: ie.. Groups V-B, Vl-B. VH-B. VIII. I B, ll-B. Ill-A. IV-A and V-A; 

0, toO„ are selected, independently, from the Groip consisting of hydride radicals, dialkylamido radicate. alKoxide 
and aryloxide radicals, hydrocarbyl and sii)Stituted-hydrocaibyl radicals, and organometalloid radicals and any 
one. but not more than one. of the Q, to 0„ may be a haWe radical - the remaining Q, to Q„ being, mdependendy. 
selected from the foregoing radicals: 
m is an integer from 1 to 7: 
n is an integer from2 to 8; and 
n 'ms d . 

10027) In gen^aJ. the catalyst can be prepared by combining the two components in a suitable solvent at a tempera- 
ture within the range from about -lOO'C to about 30Cra The catalyst may be used to polymerize a-delins and/or acet- 
yienkaDy unsaturated monomers having from 2 to about 18 carbon atonre and/or didefms having from 4 to about 18 
carbon atoms either alone or in combination. The catalyst may also be used to polymerize a-olefins. diolefins andtor 
acetylenically unsaturated monomers in comt>tnation with other unsaturated monomers. In general, the polymerization 
may be acconpfished at corxjitions well known in the prior art It win. of course, be appreciated that the catalyst system 
wiU form in situ if the components thereof are added directly to the polymerization process and a suitable soh«nt a dihi- 
ert. including condensed monomer, is used in said polymerization process. H is. however, prefened to form the calalysl 
in a separate step in a siatable solvent prior to adding the same to the polymerization step. While the catalysts do not 
contain pyrophoric species, the catalysts' conponents are sensitive to both moisture and oxygen and should be han- 
dled and transfened in an inert atmosphere such as nitrogen, argon or hefwrn. 

10028] As indicated supra, the inproved catalyst of the presenl \w&i6on win. preferably, be prepared in a suitable 
solvent or diluent. SuitaUe soKents or diluents Include any of the solvents known in the prior art to be useful as solvents 
in the pdlymerization of oleTins, diolefins arxf acetylenically unsaturated monomers. Suitable solvents, then, include, but 
are not necessarpy Brrotedtg straight and branched-chain hydrocarbons such as isobutane. butane, pentane. hexane. 
heptane, octane and Ihe like;'<^clic~and aBcycTic hydrocarbons such as cyclohexane. cycloheptane. methytorctohex- 
ane. meivlcyclpheplane and the like and aromafic and alkyl-subslituted aromatic compounds such as benzene, tolu- 
ene, xylene and the like. Suitrtjie solvenls also include Bqiod olefins which may act as monomers or comonomers 
including ethylene. propylene, butadiene, cydopentene. 1-hexane.3-metfiyl-li)entene. 4^hyl-l-pent€ne. l.4-hexa- 
diene. 1-octene. 1-deccne and the like. Sutable solvents further include basic sohrcrts not generally useful as polym- 
erization solvems when conventional Zieglei-Natia type pdymerizalion catalysts are used such as cWorobenzene. 
(0029J While the invertas do not wish to be bound by any particular theory, ft is beBev^ 
pounds used to prepare tfie inproved catalysis of the present invention are combined in a suitable sohreni or diluent, 
afl or a pan of the cation of the second corrpound (the acicfic proton) combines with one of the substrtuents on the metal 
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containing (fire! componeni). In the case where the (irst component has a fornnula conesponding to that ot general tor- 
muta 1 supra, a neutra! corrpound is Gbeiated. which neutral conpound either remains in solution or is IS>eraied as a 
gas. In this regard, it should be noted thai if either X, or in the metal containing (first corrponeni) is a hydride, hydro- 
gen gas way be Iteated. Simllarty. if either or Xj is a methyl radical, methane may be liberated as a gas. In the 
cases where the fir^t component has a formula conesponding to those of general formulae 2. 3 or 4. one of the substrl- 
uents on the melal-containing (lirst) component is protonated but. in general, no substituent is liberated from the metal. 
It is preferred that the mofar ratio of f rst coiTponenl lo second componeni be 1 :1 or greater. The conjugate base of the 
caton of the second compound, if one remains, will be a neutral conpound which will remain in solution or conplex with 
the metal cation formed, though, h general, a second compound is chosen such (hat any binding of (he neutral coiju- 
gate base to the metal ca&on wiD be weak or non-existant Thus, as the steric bulk of this conjugate base increases, it 
mH. simply, remain in solution without interfering with (he active catalyst Similarly, if the cafion ol (he second compound 
is a triaOcyl ammornum ion. this ion will liberate a hydrogen atom to form gaseous hydrogen, methane or the like and the 
corijugate base of (he cation wiD be a tertary amine. In like fashion, it the cation were a hydrocaibyl- substituted phos- 
phonium km containing at teasi one reactive proton, as is essential to the present invenfion. the conjugate base of the 
cation woidd be a phosphine. 

[0030] While stiQ not wishing to be bound by any particular theory, it is also believed that as one of the metal containing 
(first oorrponenf) substituents (a ligand) is liberated, the noncoordinating anion originally contained in (he second com- 
pound used in the cetafyst preparation combines with and stabilizes either the metal cation formed from the first com- 
poneni. formally having a coordination nurrber of 3 and a +4 valence, or a deconposition product thereof. The metal 
caton and noncoordinating anion will remain so combined until the catalyst is contacted with one or more olefins, dide- 
fins and/or acetylemcaJly unsaturated monomers either alone or in combination with one or more other monomers a 
another neutral Lewis t>ase. As indicated supra, the anion contained in the second compound (ws\ be sufiiciently labile 
to permit rapid displacement by an olefin, diolelin or an acetylenically unsaturated monomer to facilitate polymerization. 
{0031 1 The chemical reactions which occur in forming the catalysts of this invention may. when a pr eferred. boron con- 
taining corrpound is used as the second component, be represented by reference to the general fornrulae set forth 
herein as follows: 

1. (A-Cp)MXiX2 ♦ lL*-HJ*lBAriAr2X3X4]- — > 

[(A"Cp)MXi]*[BAriAr2X3X4]- 4 HX2 * or 
t(A-Cp)MX2J*CBAriAr2X3X4J- ♦ HXj L* 

r— I 

2. (A-Cp)MX'iX'2 ♦ [L'-H]*lBAriAr2X3X4]- —> 

((A-Cp)M(r^'2H)3*[BAriAr2X3X4]- * L' or 
[(A-Cp)M(r2X'lH)l*[BAriAr 2X3X4]- * f 

3. (A-Cp)ML 4 lL*-H)*[BAriAr2X3X4]- — > 

l(A-Cp)M(LH)l'»[BAriAr2X3X4)- 4 L' 

4. (Cp)(R-Cp*)MXi 4 {L»-H]*[BAriAr2X3X4]- "> 

[Cp(HR-Cp*)MXi)*[BAriAr2X3X4]- 4 V or 

I rn 

lCp(R-Cp*)Ml*(BAriAr2X3X4]- ♦ HXj 4 L' 



In the foregoing reaction equations, the nurrtbers correspond to the nun^s set forth iri combirwfon'with^^ 
e()uations for useful metallocene oonpounds of Groip W-B metals (first components). In general the stability end rate 
of tonnation of the products in the foregoing reaction equations, particularly the metal cation, will vary depending ipon 
the choice of the so^enl the acidity of the (L'-HJ* selected, the particular L*. the anion, the tenperature at whk:h the 
reaction is conpleted and the particular dicydopentadienyl derivatrve of the metal selected. Generally, the initially 
formed ion-pair will be an active polymerization catalyst and win polymerize a-olefins. diolefins and acetylenicaBy 
unsaturated monomers either afone or in oorrbination with other monomers. In some cases, however, the iriitial metal 
cation win decompose to yiekf an active polymerization catalyst 
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[0032J As indicared supra, most f irsi conpounds identified abcve wiH combine with most second con^wunds idenfi- 
fied above lo produce an active calaJysl. particularty an active polymerization catalyst The actual active catalyst spe- 
cies is not. howev r. always sufiidently siaWe as to permit its separation and subsequent idemflication. Moreover, and 
wt>ile many of the initial metal cations formed are relatively stable, it has become apparent that the initially formed metal 

5 cab'on frequently deconposes into one or more other catalyttcally active species. 

(00331 While stiO not wishing to be bound by any parlk»lar the<vy. A is believed that the active catalyst spedes which 
have not been characterized, including active deconposition products, aie of the same type as those which have been 
isolated and fully characterized or at least retain the essential ioiiic stwcture required tor functioning as a catalyst More 
partailarly. it is befieved that the adive catalyst species which have not been isolated, including active decomposition 

w products, are the same type as the isolated and characterized active catalyst spedes in that the these spedes contain 
a bi's(cyclQpentadieriyl)metal center which center remains cationic. unsaturated arxJ has a metal-carbon bond vrhich is 
reactive vwth olefins, diofeHns and acetylenicaDy unsaturated conpounds. Furthennore, H is believed that the deconpo- 
sition products may react with hydrogen gas to enter into a common state of equilibrium involving the cationic hydrito 
conplex. [CpX3pMHI*X*. 

IS [00341 "T^febehavia is best exemplified in a peralkyfcydopeniadienyl system whw^ 

the second conponent. For exanple. the reaction of Cp'^Z/Mej (where Cp* = CsWeJ and (Bu3NH)*(B(Ph*4)nwhere 
Ph- = phwiyl or para-alkylphenyl with hydrogen or an alkyl group in the para-position) in toluene gives 
-(Cp*22rMenB(Ph')4r which is unstable and decomposes by loss of methane to give a single catalytically active prod- 
uct The deep red product has been fully characterized by NMR spectroscopy and single ayslal x-ray diflractioa The 
X general structure of this zwitterionic catalyst of this lype is shown below: 




JO 



[0035] Wherein: 

Cp* is a peralkyl-substituted cyclopentadienyl radical wherein each of said alkyl substitutions may be the same or 
a diHerent Ct-Cjo radical, preferably the same or a difierent C,-Ce alkyl radical, most preferably the same or 
a different C1-C4 alkyf radical; 
Bisboron: 
40 Zt is zirconium: 

Ph* is a phenyl or alkyl-substftuted phenyl radical and each of the 3 Ph's may be the same or different and the alkyl 
substitutions may be C,-Ci4. preferably Ci-Ce, most preferatjiy C^-C^: and 

R is hydrogen or an alkyl groip having from 1 to about 14 carbon atoms, preferably f^om 1 lo about 6 carbon atoms 
most preferably from 1 to about 4 carbon atoms. 

45 

Addition of excess hydrogen gas to a toluene solution containing the above-identified permethyl-substituted cyclopen- 
tadienyf zwitterionic catalyst causes a rapid reaction as evidenced by a color change from red to yeltow. and. in concen- 
trated solutions, the formation of a yellow precipitate. Removal of hydrogen from the system regenerates the origia-il 
rwittenonic catalyst in high yield^Whfle not wishing to be bound by any theory. H isbelieved that the reaction C)l hydror 
■50 gen with the zwitterionic catalyst leads t5 the fbnralbn 'of (Ci)'j2iH|='|B(Phlj:^^^^^^ ieadton ' 

atong with other spedroscppic evidence suggests that the hydride cation is in chemical equlibrium with the zwitterionic 
spedes. 

10036) Consistent with the foregoing. staUe polymerization catalysts have been prepared when bis(permettiylcy- 
ckpentadienyOzirconium rfjmethyf has been reacted wHh tri(ri-butyl)ammonium tetrB(pheny!)boron. tri(n^yl)ammo- 
55 rim tetratp-tolyOboron and tri(n-butyf)ammonium tetra(p-ethylphenyl)boron. A stable polymerization catalyst has ateo 
been prepared when bis(elhyftetramethylcydopentadienyf)zirconium dmethyl was reacted with tri(n-bulyOammonium 
tetra(p-tolyf)boron. In each of these cases, the stable polymerization catalyst was prepared by askSmg the readants into 
a suitable aromatic soNent at a tenperature within the range trom about 0*C to about 1 0O-C. Based on this and other 
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inlofmation availatile to the inventor. H appears clear thai stat)le zwitlerionic potymerization catalysts can also be pre- 
pared using bis(perhydrocait)ylcycioperTtadienyl)zirconiLim dialkyls and dihydrides in connbination with ammonium satis 
of an unsubstituted or p-subst'tuted'tetra(aryt)boron anion. 

(0037] In general, the stable catalyst tonned by the method ol this invention may be separated from the solvent and 
stored tor subsequent use. The less stable catalyst, however, will, generally, be retained in soliition until ultimately used 
in the polymerization of oleliris. dioletins and/or acetylenicaDy unsaturated monomers. Alter natively, any of the catalysts 
prepared by the method of this invention may be retained in solution tor subsequent use or used (firecdy after prepara- 
tion as a polymerization catalyst Moreover, and as indicated supra, the catalyst may be prepared in situ during a polynv 
erization reaction by passing the separate corrponents into the polymerizafon vessel where the components wiH 
contact and read to produce the improved catalyst of this invention. 

10038] When the ratio of f ^st compound to second compound is 1:1 . at concentrations below about ia^ the catalyst 
is often not active tor olefin polymerization. While the inventors do not wish to be bound by any particular theory. H is 
believed that advenlitious oxygen or moisture in the diluent or monomers may deactivate the catafysl. When the ratio of 
the first corrv3ound to the second compound is 2:1 to 10:1 or more, however, concentrations of the second oomponeni 
can be as low as about lO*^. 

[0039] When first conpounds containing hafrtium are reacted with second corrpounds contalrvng a metal or a met- 
alloid such as boron and a less acidic ammonium cations • using trt(n-butyl)amnriomum tetralos(pentafiuorophe- 
nyl}boron as an example - and the catalyst therefrom is used in the polymerization process of tHs invention, induction 
periods of atxxrt 1 to about 15 minutes or more can be observed before the uptake of monomer begins. This phenonv 
enon is most pronounced when the concentration of the haNum compound is below about IC^M and that of the sec- 
ond component is below about 10'^: tvgher concentrations of catalyst solution often show no induction period It can 
also be observed when first compouncte containing zirconium are used virhen the concentration of the second compo- 
nem is about 10*^ M or less. While the inventors do not vinsh to be bound by any particular theory, it is befieved that the 
catalyst spedes tonmed decomposes in the polymerization process to form a catalytically inac^ve metal-containing 
corrpound and regenerating either the same or a different second component. This new second component activates 
any excess first component present to regenerate the active catalyst spedes of the present invention. While still not 
wishing to be bound by any particular theory, it is believed that inaeasing the concentration of the catalyst or using sec- 
ond components containing more acidic ammnium cations wiD either dimiinish the length of this induction period or 
eliminate it completely. 

[0040] In general, and as indicaled sipra. the Improved catalyst of this invention will polymerize olefins, dioiefins 
and/br acetylenically unsaturated mxMiomers either alone or in connbination with other olefins and^ other unsa^ated 
monomers at comfitions weD known in the prtor art for conventional Ziegler-Natta catalysis. In the polymerization proc- 
ess of this invention, the molecular weight appears to be a function ol both catalyst concentration and polymerization 
temperature and polymerization pressure. The polymers produced with the catalyst off this invention, when prepared in 
the absence of sigr^icant mass transport effects, will, generally, have relatively namow molecular weight distributions. 
[0041] Certain of the catalysts ol this invention, particularly those based on hafnocenes • using 0ie catalyst produced 
from the reaction of bis(cyciopentadienyl)hafnium dimethyl and the trisubstituted ammtonium salt of tetra(pentafluoroph- 
enyQbofon as an exanple - when used as desaibed heran for the polymerization and copofymerization of a-oldins. 
diolef ir«. and/or acetytenically unsaturated monomers, in the absence of a chain transfer agent can lead to the produc- 
tion of extremely Hgh molecular weight polymers and copolymers having relatively namcw molecUar weight dstribu- 
tions. In this regard, it shouhf be noted that homopotymers and copolymers having molecular weights ip to about 2 x 
10^ and molecular weight distributions within the range of about 1 .5 to about 15 can be produced with the catalysis off 
tl^s invention. The siibstrtuents on the cydopentadienyl radicals, however, can exert a profound influence on polymer 
mx)lecutar weights. 

[0042] Catalysts of this invention containing a first corYponent which is either a pure enantiomer or the racemic rnx-^ 
ture of two enanliomers of a rigid, diiral mietallocene can polymerize prochiral olefins (propylene and higher a-otelins) 
to isotactic polymers. Bis(cycIopentadienyl}meta] compounds in which each ol the cyctopentadienyl radicals is substi- 
tuted and containing a oovaient bridging groip between the Uio cydopentadienyl radicals are partiojtarly uselitf for iso- 
tactic polymerizations of this type. 
" [0043] A particularly surprising feature of some of the catalysts. of thisjnvention,.partajla^^^ haf- 
nocenes in combination wrth a second component comprising boron, is that when the catalysts of tiife inventtori are 
used to oopolymeriz e o-olefms. either atone or in connbination with dioiefins. the amount of Ngher molecular weight ole- 
fin or diolef in incorporated into the copolymer is significantly increased when compared to copolymers prepared with 
the more conventional Ziegler-Natta type catalysts end bis(cyclopentad>enyf)ztrconium catalysts. The relative rates of 
reaction ol ethylene and higher o-olefins with the aforementioned hafniumhbased catalysts of this invention are much 
doser than witt^ conventional Ziegler-Natta catalysts of the Gmup IV- B metals. The monomer distribution in copolym^ers 
prepared with the catalysts of tttis invention, particiterty with the lower a-otef ins and lower dioiefins. wiD range from near 
perfectly alternating to slaf isticaf ly randomi. 
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lOOW) In general, catalysis can be selected so as to produce the polymer products which wiD be tree of cef tain trace 
metals generally found in polymers produced with ZieglBr-Natta type catalysis such as aluminum, magnesium, chloride 
and the like. The polymer products produced with the catalysts of this invention shaild. then, have a broader range of 
applications than polymers produced wHh more conventional Ziegler-Natta type catalysis conprising a metal aUtyl, 

such as an ahnrtnum alkyl. 

[0045] Also unfike polymers herclofore produced with conventional Zegier-Natta type polymerization catalysts, the 
polymers produced vwth rwitterionic catalysts in the absence of hydrogen or other chain terminating reagents, contain 
predominantly internal rather than terminal unsahjiation. In this regard, it should be noted that H the terminal carbon 
atom in the polymer chain were nun4)ered one, the unsaturation contained in the polymers produced in the process of 
this invention would be 2.3 rather than the more traditional 1.2. 

pPFFERRED EMBQ niMglyrT OF THg INVEI^ION 

[0046] In a preferred errbodiment of the peseni invention, a bs(cyclopenladienyOmetal compound, said metal being 
selected from the Group consistrng of trtaruum, zirconium and hafnium, said compound containing two. independently, 
substituted or unsubstituted cydopenladienyl radicals and one or two lower aDcyl substituents and/or one or two hydride 
substituents will be confined with a Irisubstituted ammonium salt of either a substihJted v ureitelituted tetra(aro- 
matic)boron. Each ol the frisiibstitutions in the ammonium cation will be the same or a different lower alkyf or aryl radi- 
cal. By tower alkyl is meant an alkyl radical containing from one to tour carbon atoms. When the 
bis(cyclopentadienyl)metal compound used is a bi5(perhydrocafbyl-st4>stitu!ed cyclopenta(fienyf)metal compound, an 
unsubstituted or partially substituted tetra(aromatic)boron salt may be used. Tri(n-bulyOammonium telratphenyljboron. 
tri(n*utyl)ammonium tetra(p-tolyl)boron and tri(n-bulyOammonium tetra(p*ethylphenyl)boron are particularly pr efen ed. 
As the number of hydrocaibyl-substitutions on the cydopenladienyl radicals is reduced, howesrer. subslHuted anions win 
be used in the trtsubstituted ammonium salts, particularly. pentafluorosiAjstituted anions. Tri(n-butyOammornum 
tetra(lluorophenyl)boron is particularly preferred. 

[00471 In a most prefened embodiment of the present invention. bis(cyctopentadrenyI)2irconium dimethyl or 
bis(cyclopentadieny1)hafnium dimethyl will be reacted with N.N-<imelhytanilinium tetra(pentaf luorophenyfjboron to pro- 
duce the most preferred catalyst of the present invention. The hw) corpponents will be combined at a tenperature within 
the range from about O'C to about lOO'C. The components wiO be combined, preferably, in an aromatic hydrocarbon 
solvent, most preferatjiy toluene. Nominal holding times wlihin the range from about 10 seconds to about €0 minutes 
win be suflidert to produce both the preferred and most preferred catalyst of this invention, 
[0048] h a preferred embodiment, the catalyst immediately after formation, win then be used to polymerize a lower 
a-delin panicularty ethylene or propylene, most preferably ethylene, at a temperature vwthin the range from about 0*C 
to about 100*C and at a pressure within the range from about 15 to about 500 psig. h a most preferred embodiment of 
the present invertton. the most preferred catalyst wiB be used erther to homopdymerize ethylene or to copolymerize 
ethylene with a lower o-defin having from 3 to 6 carbon atoms, thereby yielding a plastic or an elastomeric copolymer. 
In both the prefened and most prefened embodiments, the monomers will be naintained at polymerization conditions 
for a nominal holding time witKn the range from about 1 to about 60 minutes and the catalyst will be used at a concen- 
Uation witNn the range from about 10'^ to about 10*^ notes per titer of solvent. 

[0049] Having thus broady descrM the present invention and a preferred and most preferred enrtajiment thered. 
it is believed that the same wiO become even more apparent by reference to the tollowing examples, h v«n be appreo- 
at ed. however, that the exan^les are presented sddy tor purposes d illustration and should not be construed as limit- 
ing the invention. AD d the examples were conpleted either under an argon blanket by standard ScWenk techniques or 
under a helium blanket in a Vacuum Atmospheres HE43.2 drybox. The solvents used in the experiments were rigor- 
ously dried under nitrogen by standard techniques. The baon and metafk)cene reagents used in the examples were 
either purchased or prepared following pubtished techniques. The zwitterionic complexes (Examples 1. 4. 10 and 22) 
were characterized by soW state ^^C NMR spectroscopy and sdution 'H NMR spectroscopy. The tetra(p-etfiylphe- 
nyl)boron zwiiterionic derivative isolated in Example 10 was further characterized by single crystal x-ray aystaBogra- 
- phy: 



EXAMPLE1 

[0050] In this exanple. a stable, isolable polymerization catalyst was prepared by combining 0.65 g of tri(n- 
butyJ)ammonium 1etra(pheny!)boron with 0.50 g d bis(pentameihylcyclop€nla(*enyl)zirconium dimethyl. The combina- 
tion vras accomplished by firsl suspending the tri(n^)utyl)ammonium tetia{phenyl)boron in 50 ml d toluene and then 
adding the bis(pentamelhylcyclopenladjenyl)zirconium dimethyl. The oomb'nation w«s accomplished at room temper- 
ature and contacting between the two compounds was continued tor 1 hour. After 1 hour, an insduWe orange preapi- 
tate separated from solution leaving a dear mother Squor. The orange preciprlate vras isolated by f iHeration, washed 
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three times with 20 nil of pentane and dried ior^gio. 075 g of precipitate was recovered. A porlion of ttus 

product wQS analyzed and H was found to contan a single organometdnic compound having the following general tor- 
mula: 



B(C6H5)3 



(CsMe5)2Zr-/Q\ 



wherein Me is a methyl radical 



rs IXAMPL&1 



[0051] tn this example, ethytene was polymerized t}y adding 0.05 g of the orange predpilate recovered in Example 1 
to 20 ml of toluene at room tenperature in a 100 ml side armed tlask and then add^ excess ethylene at atmospheric 
pressure while maintairdng vigorous agitatioa An immediate exolherm was detected and the formation of potyethyleno 
20 obsen^ed as the addition of ethylene continued. 



^XAMP|.^3 

[00521 ^ this exarrpte. ethylene was polymerized by first suspending 0.05 g o1 the orange precipitate prepared in 
2i ExaiTple 1 to 20 ml of chlorobenzene in a 100 ml side armed flask and then adding excess ethylene at atmospheric 
pressure whSe maintaining agitatioa An immediate exothenn was detected and the fOrmatkn of potyethytene was 
observed as the addition of ethylene continued. 



EXAMPLE 4 

30 

|0DS3] In this example, an acthre, isolable olefin polymerization catatyst was prepared by firsi suspending 0.75 g of 
lrr(n-butyf)ammonium tetra(p-tolyl)boron in 50 rrt of toluene and then adding 0.52 g of bis(pentamethylcyclopentadi- 
€nyl)2irconiuni dimethyl. The mixture was stirred at room temperature tor 1 hour. After 1 hour, an insolaUe orange pre- 
cipitate separated from solutiofi The orange precipitate was isoiated by fDUation. washed three times with 20 ml of 
ss pentane and dried in-vacifp . 0.55 g of the orange precipitate were recovered. The orange predptate was analyzed and 
found to contain an organometaffic compound having the following stnicture: 



B(p-tolyl)3 



(C5Me5)2Z; 



CH3 



wherein Me is a mettyl radical. 
EXAMPLE 5 

[0054] in this exanple. ethyfene was polymerized at atmospheric pressure by passing ethylene into a 20 ml sanple 
of crude reaction mixture from Example 4 ina 100 ml side armed flasK. The ethylene was rapidly polym&ized. 

55 

EMjPLEi 

[0055] In this example, ettiytene was polymerized at 40 psig by cfissotving 0.02 g of the orange predpitale produced 
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in Example 4 inlOO m) of toluene in a Fishef -Porter glass pressure vessel, heating the solution to 80*C and then pass- 
ing ethylene into said solution at 40 psig for 20 minutes. 2.2 g of polyethylene were obtained and the average moleciter 
weight of the polymer was 57.000. The polymer had a polydispersity of 2.5. 

EXAfc/IPLE 7 

[0056] In this exarviple. ethylene acetyl ne were copolymerized by dissolving 0.05 g of the orange precipitate from 
Exanple 4 in toluene and then adding 2 ml of purified acetylene ai atmospheric pressure in an Nf^R tube. An immedi- 
ate color change from orange to yellow was noted Afta fVe rnnutes. 5 ml of ethylene at atmospheric pressure were 
added to this mixture and an immediate exotherm was observed as was polymer formatioa 

EXAMPLE 8 

[0057] in this example, an active isolable olefin polymerizafion catalyst was produced by first suspending 0.56 g of 
lri(n*utyl)ammonium tetia(o-tolyf)boron in 50 ml of toluene and then adding 0.25 g of bis(cyctopentarfenyf)2ircomum 
dimethyf . The mixture was stirred at room temperature for 1 hour. After 1 hour an insolubfe yellow prectprtate separated 
from an orange solution. The yellow precipitate was isolated by filtration, washed three limes with 20 nif of pentane and 
dried in-vacua 0.26 g of the yeflcw precipitate were recovered. 

EXAMPLE 9 

[0058] In this exarrpfe. excess ethylene was added at atmospheric pressure to a portion d the orange mother riquor 
from Exairple 8 in a 100 ml side armed flask and polyetfiylene formed. Ethylene was also contacted with a portion of 
the yellow precipitale. wNch precipitate was suspended in toluene in a 50 m) side armed flask and again polyethylene 
was formed. 

EXAMPI^ 10 

[0059] In this example, an active, isolable Olefin polymerization catalyst was produced by first suspending l .20 g of 
tri(rvbutyl}ammonium tetra(p-ethylphenyl)boron in 50 ml of toluene and then adding 0.76 g of bis(pentamethylcydoperv 
tadienyl)2ircoraum dimethyl. The mixture was stirred at room temperahire for 1 hour. After 1 hour, the reaction mixture 
was evaporated b dryness. The crude orange solid, which was produced, was reoystallized from hot toluene to give 
1 .0 g of orange-red crystals. A portion of this product was analyzed and confirmed to be an organometafOc conrpound 
having (he foflowing structure: 



B ( p- e t hy 1 phenyl )3 

(C5Me5)2Zr 



CH3CH2 



wherein Me is a methyl radical 
EXAMPLE 11 



(0060] In this example, ethylene was polymerized by dissolving 0.10 g of the orange-red aystals from Exanple 10 in 
toluene and then placing the solution in a steel autoclave under nitrogen pressure. Ethylene at 100 pstg was then intro- 
duced into the autoclave and the autoclave heated to 80'C with agitation. After 10 minutes, (he reactor was vented to 
a tmospheric pressure arid opened. The yield of linear pdyettiylene was 27 g having a weight average mofecular weight 
of about 52.000. 
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PXAMPLE ia 



inthisnafTDle anacfive isclaWeolernpolyiwaafion catalyst vras prepared by Itret suspend 
iiS»^ieny,:i,c^u..n,e^..^^ 



sure. 



fMC9i In ihfe two active isolaUB oteTin polymerization catalysts were prepared by fret tlssoMng 0.78 g d 

« 22io 30^ 050 9\rf bis(pUmethytcydcpentadienyI)iirco.»um dimethyl were added. The m«ti0e was 
^Jl«S.^i!™«2,!«ilhaXlior»aridheWta4hou>s^ 

r^titTi^rrxss^rdriedi^ 
rsss:pr:SeX?sUratad^^^ 

atri piffple products polyrneriied ethyleneindeuteotoluene in NMRlubes. 
pXAMPLE 14 

100631 in this example, an olelin polymerization eatelyst was prepared by eontAing 0.08 9 of "•^J-^^^^^^'^'^ 

potymerization was observed in both cases- 
30 FXAMPLE 15 

100641 In this exanile an active olefin polymerization catalyst was prepared by li-st ^^^'^^f^l^^ 
10064] in y« i- so^rt of toluene and then adding 0.50 g ol ft)entamethylcyclopenladi- 

"SSZSS^^^ -itl sdned at room^errperature .0,1 8 hou. to gi« a b|u. 
SZLr^rtdtolu«w TNresoWngbhie^eensoMionwasfilteredimoaglasspressurevesselandslnedunder 

The yieW of polyethylene was 4.5 g aflff 15 mmules. 
40 PXAMPLE 16 

100651 In this example an olefin polymerization catalyst wis prepared by first suspending O.i g of ^'^^^^ 
10065] .rj^ rf Jimene ari then adding 0.05 g of (pentamethylcydopefrtadi- 

i^S^eLeneexta«was«posedtoelhy.ene.lo^^ 
each case signiHcart pdymefizalion activHy was observed. 

FXAMPLE-17- .. _ „.., 

* 10066] <nthise,an^e.anactiveolelinpo.yme.iza.ioncatalysl«spre,»^^ 
Ul)ammoniuntetra(p«ta.luo,.^enyObo,onin50m.oltol^^^ 

tatfSS^cortum dmethyl The reaction vessel was capped w* a n-tter '^l^J^"'^^!^^!^^ 
A»eMO minutes the reaction rrixture (now yello* and homogeneous) was pressunzed w«h 15 ain«plwf « «^ 
ss UTaS^^KiSously. Rapid polyrUization of ethylene was obsen,ed casing a s«n*«antu«M^^^ 

!^n«^J!fcXS««afc^^^^ I5nwiuies.lhe 
:Xt:S^^S^X;l^addJ.or^ TheyieW-Onearpo^^-tylenewas 

3.7 g. 
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[0067] tn this example, an active olefin polymerization catalyst was prepared by suspendir^ 0.34 g o) tri(n- 
butyl)aiTimonium tetra(peniafluorophenyl)boron in 50 ml of toluene and then adding 0.13 g of (p ntamethylcydopenta- 
dienyl) (cydopentadienyOzircomum dimethyl The reaction vessel vvas capped with a rubber septum and stirred at room 
lerrperature. After 10 minutes the reaction rnxture (a yellow solution abov an insdidjle orange oil) was pressurized 
with 1^ atnx)spheres of ethylene and stirred vigorously Rapid polymerization of ethylene was observed causing a sig- 
nificam inoease in the reaction temperature (from room tenperature to at least 80*C) during the first minutes of poiynv 
erization After 1 0 minutes, the reaction vessel was vertted and methanol was added to Hill the stiB active catalyst. Ihe 
yield of linear polyethylene wos 3.7 g. 

EXAMPLE 19 

[0068] In this example, an active olefin polymerizalxm catalyst was prepared by combi ni ng 0.18 g of tri(n^u!yl)anfmN>> 
nium tetra(pentafliiorophertyl}boron in 50 mi of to^ene and then adding 0.12 g of bi5l1.3*bis(trirTiethylsilyQcyclopertla- 
dienyQziroonfum dmethyi The reaction vessel was capped with a rubber septum and stined at room temperature After 
10 minutes the reaction mixture (a yefiow solution abc^e an insoluble yeDow oO) was pressurized with 1.5 atmospheres 
of ethylene and stirred vigorously. Rapid potymerization of ethylene was observed causing a signTicanl inoease in the 
reaction tenperatue (from room lenrperature to at least 80*C) during the first minutes of polymerizatioa After 10 min- 
utes the reaction vessel was vented and methanol was added to toll the still active cataiysl The yield of linear polyeth- 
ylene was 2.1 g. 

10069] In this example, an active olefin polymerization catalyst was prepared by suspending 0.34 g of tri{n- 
butytlammonium tetra(pentafluoropheny{)boron in 50 ml of toluene and then adding 0.10 g of bis(cydopentadienyf)zir- 
conium dimeth/l. The reaction vessel was capped with a nibber septum and stined at room temperature. Aher 10 min- 
utes the reaction mixture (a yeQow solution above an insoluble orange oil) was pressurized with 1.5 atmospheres of 
ethylene and stined vigorously Rapd polymerization of ethylene was observed causing a significant increase in the 
reaction tenperature (from room tenperature to at least 80'C) during the first minutes of pdymerization. After 10 min- 
utes the reaction vessel was vented and methanol was added to deactivate the still active catalyst. The yield of linear 
polyethylene was 3.7 g. 

[0070] h this exarrple. an active olef in polymerization catalyst was prepared by combining 0.1 2 g of tri(n-butyOammo- 
nion tetra(pentafluorophenyl}boron and 0.04 g of bis(cyciopentadienyl}zirconium dimethyl in 100 ml of toluene in a 250 
ml flask. The flasK was capped with a rubber septum and stirred at 60'C for 3 minutes. Ethylene at 1.5 atmospheres 
and 3 ml of 1 -hexene were then added to the flask After 20 minutes, the f lasK was vented and methanol was added to 
deactivate the still active catalyst. The white pdymeric product was collected by f ifteration and dried in-vacuo to yield 
8 0 g of a hexene-etfiylene copolymer. The melting point of the copolymer was 125*C. 

EXAMPLE 22 

[0071] In this example, an active, isotable olefin polymerization catalyst was prepared by first suspending 1.30 g of 
tri(n-bulyf)ammonium tetra(p-to)yl)boron in 50 ml of toluene and then adding 1 .00 g of bisfelhyltetrametfiylcydopenia- 
dienyQzirconium dimetliyl. The mixture was stirred at room temperature tor 1 hour. After 1 hour, an insolable orange pre- 
cpitale separated from solution. The orange precipitate was isolated by fiheration, washed three times with 20 ml cil 
pentane and dried jn-vaaia 0.55 g of the orange precipilBte were recovered The orange precipitate was analyzed and 
foijrid to ODhtiaiii an organomeialBc compound having the Wlowing structure:- 
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B(p-tolyX)3 



(C5EtMe4)22r 



CH3 



wherein Et is an ethyl radical and Me is a melhyl radical 

10072) In this exanrple, 0.05 g of the orange precipitate produced in Ejtainple 22 was dssoJved in 2 ml of deuterotd- 
uene and placed in a 5 mm NMR tube and capped with a nislbet septum. Ethylene (2 ml at 1 atm) was added via syringe 
and immediaiely polymerized. 

EXAMPLE 24 

(0073) In this example, ethylene and 1 -bUlene were copdymeiized in a hexane diluent by adcfing under a nitrogen 
atmosphere to a 1 L stainless-steel autoclave, previously flushed with nitrogen and coniairiing 400 ntl of dry oixygen- 
free hexane. 40 ntf of a toluene solution containing 4 mg Of bis(cyclopentadienyl)zirconium dimett^ and 12 mg of tri(n- 
butyl)ammonium tetrakis(pentaHuorophertyl)boron. 1-butene (200 ni) was added to the autoclave, wKch was further 
pTessurized v«th 65 psig o1 ethylene. The autoclave was stined and healed for 7 minuies at 60*. The reactor was vented 
and cooled and the contents dried. The yield of copolymer isolated was 9^ g. TYie weight*average molecuiaT weight of 
the polymer was 108.000 and the molecular weight disbibution was 1.97. A conposHionat distribution analysis indi* 
cated a breadth index of 88%. 

EXAMPLE 25 

(0074) In trts example, ethylene and 1 -butene were copolymerized in a hexane diluent t>y adding under a nitrogen 
atmosphere to a 1 L stainless-steel autoclave, previously flushed with nrtrbgen and comaining 400 ni of dry. oxygen- 
tree hexane, 40 ml ol a toluene solution containing 4 mg of bis(cyclopentarfienyf)2irconium dimethyl and 12 mg of tri{n- 
butyl)ammonitfn tetrakis(pentalluorophenyl)boron. 1-butene (200 ml) was added to the autoclave. whicJi was further 
pressurized with 65 psig ol ethylene, "me autodave wbs stined and heated at SO* for 10 rrtnutes. The autoclave was 
vented and cooled and the contents dried. The yield of copolymer isolated was 7.1 g. The weight-average molecular 
weight 0! the polymer was 92.000 a molecular weight disbibution of 1.88. Analysis by ^^C NMR spectroscopy indi- 
cated a reactivity ratio (r,r2) of 0.145. 

EXAMPLE 26 

(0075) In this example, ethylene and 1 -butene were copolymerized in a hexane diluent by adding under a nitrogen 
atmosfihere to a 1 L stainless-steel autodave. previously flushed with nitrogen and containing 400 ml of dry. oxygen- 
free hexane. 25 ml of a toluene sdulion containing 9 mg ol bisKt-bulyOcyclopenladienyllzirconium dimethyl and 2.9 mg 
of N.N-dimethylanilinium tetra)ds{pentafluorophenyl)boron. 1 -butene (100 ml) vios added to the autoclave, which was 
firther pressurized with 65 psig of ethylene. The autodave was stirred and heated at 50" tor 1 hour. The autodave vios 
vented and cooiS and the contents dried. The yield of copolymer isolated was 27.2 g. The weight-averagemolecirfar.-- 
weigh! of the polymer was 23.000 with a molecular weight distribution of 1.8. Analysis of the conposition distribution 
indicated a median comonomer content of 6.3 inole% and a breadth index of 81% 

j^XAMPl|E?7 

(0076) In tNs exarrple. a stirred 100 irH steel autoclave reacfion vessel which was equyiped to perform Ziegler lMatta 
polymerization reactions at pressures up to 2500 bar and tenperatires vp to 300* was used. The tenperalure of the 
cleaned reactor containing ethylene at low pressure was equilibrated at the desired reaction temperature of 160'. The 
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eablvsl SOMion was prepaied by dissolving 259 mg ol a nriBaionic ealalysl (prepared from bis(elh!fltelrartKlhylcy- 
ZJimmtlziamm «Srr«lh/l arxJ tri(n*utyl)anTO)i»jm leIra(p^lhrt)hEnyl)boroo in 10.0 ml ol distlled toluene 
u^er nitrooefV A0.4 at portion ol ttis ealalysl solution was translened by kw-pressure nitrogen into 8 w^-w"" 
I« Wecten tub wKeh was held at 25V Ethylene was pressured into the autoclave at a total pressure ol 1500 bar. 
The rwrtor conterts yme stirred at lOOO rpm tori minute at which time the catalyst solution was rapidly injected rto 
the sfttit« reactor with excess pressure. The temperature and pressure changes were recorded 1» 
seconds at wH* time the (wflenls were rapidly vet«ed. yieWng the polymer. The reactor was wash«) wrth xylene to 
coned any polymer remainins inside and en polyme. was drted ioaM^ 
SlymerLaweii*ili«.a(^r.»lecularweioMol2im^ 
0.965 gW. 

FXAMPtE 28 

100771 lr< this exaniJle. ethylene was polymerized by adding under a nitrogen atmosphere 10 B U StaWeSMteel 
autoclave prwiously purged witti nitmgen and contaning 400 ml ol dry. oxygen^ree hexane. first a soUiDon ol 15 mg 
ol bis(cyetopeniadienyl)halnium d-imethy1 in 30 ml ot toluene, then, after 5 ninutes. a toluene solution (50 ni) cWteming 
12 TO Ol bis(cy««!penladienyl)hatnium dimethyl and 30 mg ol tri(n*utyI)ammonium tetral<is(pemuorophenyl)boron. 
The auttdave Zs pressured with 90 psig d ethylene and stined at 60-. Atler 1 hour, the autoclave was vwled and 
opened THe yield ol linear po^rethylene isolated was 73.8 g. This material had a weigM-average molecular we«ht ol 
1,100.000 and a molecular weight distribution ol 1.7a 

10078] in this exanrie. ethylene and propylene were ecpolymerijed in a hexane diluent by adding under a rstrogen 
atmoihere to a 1 L slainleess-steel aulodave previously Hushed with nitrogen and containing 400 ml ot dry. oxygen- 
Iree hexar*. lirsi a solution d 15 mg bis(eyelcpentadienyl)halnium dimethyl in 25 ml ol toluene, stonng lor 5 rrwrtes. 
then SO ml d a toluene solution containii^ 17 mg bis(eyelopentadienyl)hatr»um dimethyl and 42 mg d ttKn- 
butyl)ammo.ium tetn*is(pentalluorophenyljboroa Propylene (200 ml) was added to the autoclave, whi^ was »ui*«f 
S«su.ed with an addittonal 50 psig d ethylene. The autoclave slin«l at 60- tor 15 '^'!?«-.]^ ''^j;^ 
vented and opened and the residual hexane in the conterts evaporated under a stream d air. The yield d MVdymw 
isdatedwas61.0g.TWseopdymer. which was 35.1 wt% ethylene. hadaweighl-8.eragemoleailarwe#^d103.0M 

and a mdecular weiflM distribution d 2.3. Analysis by ^'C NMR spectroscopy indicated a slafelically random copdy- 
mer. 

E yAMPLE3Q 

100791 In this example, ethylene and propylene were eopolymeriied in bulk propylene by adding under a nitrogen 
atmosphere to a 1 1 stainless-steel autodave preeviously llushod with nitrogen SO ml d a toluene sdution contening 
36 ™ol bis(cydopentadienyl)hafnium dimethyl and 1 1 mg d N.Nxftnethylanilini»n letral<is(pentattjorflpheny0boron. 
Propylene (400 ml) was added to ifte autoclave, which was further pressurired wift 120 psig d ethylene. Aftef stirrir« 
lof 15 ntnules at SC. the reactor was vented and opened and the contents dried under a stream d air. The yreld d 
copdymer isolated was 52.6 g. The copolymer, which was 38.1 wl% ethylene, had a weigM-average mdecdar weight 
d 603.000 end a molecular weight distriiut'ion d 1.93. 

FXAMPLE31 

100801 lr» this exanple. ethylene and 1-bulene were eopdymeriied in a hexane diuent by adding under a nitrogen 
atmosphere to a 1 L stainless-steel autodave. previously flushed with nitrogen and containing 400 ml d dry oxygen- 
Iree hexane lirsl a 30 ml d a toluene soMion containing 15 mg d bis(cydopeniadienyl halnium dimdhyl. then alter 

, stiningtor5rtiinut«;30lrtd"atoliieTOS^ 

d Hitn-butynammonium tetrakis(penlalluorcphenyl)boron. 1-butene (50 ml) was added to the autodave. whd> was fcir- 
tha pressuriied wilh 65 psig d ethylene. The autoclave was stined and heated to 50* tot 1 hour. The ^MCtotwK 
vented and opened and the eofflenis dried in a vacuum «ea The yield d copdymer isolated was 78.7 g. This copohr- 
mer. which was 62.6 wt% ethylene, had a weight-average mdecular weight d 105.000 and a mdecdai we«hl distribu- 

( tion d 4.94. Ansdysis by "C NMR spectroscopy indicated a reactivity ratio M d 0.153. 
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PXAMPLE 32 



uKn-butyDammoniumteUalds(pertalIuo.cpte^^^ 
aJlodave. which wasfurtherp.ess««ed««JhM^^^^^ 

cooled and ven.«>. The cortente w«-e ^Tfte ^Te^-^ disSnwas 1.89. Analysis 
weiflM-aveiage moleeulat weight ot the polymer was 7'™^ and 11.3 

by«CNMRsped.oscopyWicaledlhallhepolymer«)nla«ed62.9^^ 



m()le%butene. 



1 4JiD«rtiene were cooolvmeiired in a hexane dihiert by adding 

underanHrogenatmosphereioa 1 ^ siaf '^s^j'^a^a^-^^ so ml ds catalyst solution containing 72 
o.dry.o^en.|,eeh««e^«.i00n.dJes^V^^^^^ 

„^ ol bis(cyclopenl8dienyl)hatn.urnd«i«tN^and 16 psjg^ ethylene. The autoclave was 

yiene. 24.8 mole% propylene, and 4.7 mole% 1.4-hexadiene. 

P5 PXAMPLE 34 

.oth.e«^.e,e».ene™^ 

bis(eyclopeniadienyOhafn.urnd.rneihyland30rn90lM hwTtt*. cooled and vented. The coo- 

ct^ was pressurised wHh65ps«de.hy^e.«^^^^ 

tents were dried in a vaa.um oven The l^f^ -^^J^^S^ ^ <* Analysis by 

ethylene, had a weight-average moleculai weight ol 138.000 ano a moiecwai wwypi 
» ii>CNMR spectroscopy indicated a reactivity ratio (r,r2) 010.262. 



1,54. 



,„C«S, .n..se^ri.nen..-p.opy.er«w.^2:«^ 

1 L slanless sleel •"^T^f^'^^ ''"^ 

bis(cydc^n.adienyOhalr,u»n d,n»lhj^and K n« 01 M^^ 

ene (400 ml) was added and the autodave slined at 4(r lor 90 mnrtes. ^ weiaht-averaoe molecular 

L-entsdried in a vacuum oven. The r^'^'^'^^^^'^'^f:'^^^,^^^^ averagemoiePW 
weight d this polymer was 191.000 and the molecular we-gW distrfcutioo was l.W. 

PXAMPIE37 

,««, ,n,h«examp.e.^op^enewaspdyme.«ed«bu.Kprc^enebywashin972mgo.bis(^ 
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nium dimethyl and 22 mg ol N.N<JimeUiylaniIinium tetraHs(pentairuorophenyl)t)oron into a U stainless-steel autodaive. 
pf e^iously (lushed with nitrogen, with 500 ml of propylene. The autoclave was stirred at 40* for 90 minutes and at 50* 
for another 30 nvnutes, then cooled and vented. 2.3 g of atactic polypropylene were isolated. 

EXAMPLE 38 

[0087] In iNs example, ethylene was polymerized by reacting 55 mg ot bis(trimethylsilylcyclopentadienyOhafnium 
dimethyl with 80 mg of N.N-dimethytenilinium tetraJos(pentalluorcphenyl t»ron in 5 ml of toluene in a serum-capped 
vial. On passing ethylene through the solution for 15 seconds, polymer formed as the rrtxture grew hot The vial was 
opened and the contents diluted with acetone, filtered, washed, and dried. The yield of polyethylene was 026 g. 

EXAMPLE 99 

[0088} In this exanpfe. propylene was polymerired in bulk propylene by adding under a nitrogen atmosphere to a 1 
L stainless-steel autoclave, previously flushed with nitrogen. 25 ml of a toluene solution oontaining 10 mg of rac-dimeth- 
ytsilyl bis(lndenyl)te(nium dimethyl and 5 mg of N.N^methylanilinium tetrakis(pentafluorophenyl)boroa Propylene 
(500 ml) was added arxJ the autoclave stirred at 40* tor 4.5 hours. The aulodave was cooled and vented and Ihe con- 
tents dried in a vacuum oven. The yield of isolactic polypropylene isolated was 78.5 g. The weight-average molecular 
weight of this polymer was 555,000 and the molecular weight distitoulion was 1.86. The polymer had a melting point of 
139*C. Analysis by ^^C NMR ^ectroscopy indicated that the polymer was about 95% isotaclic. 

EXAMPLE 40 

[0089] In this exarrple. an active ethylene polymerlzatron catalyst was prepared by suspendirig 40 mg of N.N-dimeth- 
ylanilinium tetralds(pentafluorophenyl)boron and 17 mg of Vbis(cycicpentadienyI)2ircona-3-dimelhylsiiacyclobutane in 
10 ml Of toluene in a septum-capped round bottomed ItasK. Passage of ethylene through the solution for 30 seconds 
caused the solution to become hot as polymer precipitated. The flask was opened and the contents cfiluted with ace- 
tone. The polymer was filtered off. washed with acetone, and dried in vacuo . The yield of polymer isolated was 0.15 g. 

EXAMPLE 41 

[0090] In this example, an active ethylene polymerization catalyst was prepared by suspending 36 mg of 1- 
bis(cyck)pentadienyOtitana-3-(timethylsilacyclobutane and 80 mg of N.N-dimethylanitinium ietrakis(pentafluorophe- 
nyl)boron in 20 ml of toluene in a serum-capped round-bottomed flask. The solution darkened when etl^ene was 
passed through H. After 5 minutes, the flask was opened and the contents diluted vnth elhanol. The polymer was fKered 
off. vrashed vwth ethanol. and dried. The yield ol polyethylene isolated was 0.51 g. 

EXAMPLE 42 

[0091 ] In this example, an active ethylene polymerization catalyst was prepared by suspending 29 mg of (penlamethyl 
cyck)p€ntadienyl)(tetramethyl-eta^-cyctopentadienyl)zirconium phenyl and 43 mg of tri(n-butyl)ammonium tetrakis(pen- 
tafluorophenyI)bOfon in 25 ml of toluene in a senmvcapped round-twttomed flask. On passing ethylene through the 
solution, polymer formed almost instantly. After 5 minutes, the flask was opened and the contents diluted vwth etharKSl. 
The polymer was filtered off. washed with acetone, and dried. The yiekJ of polyethylene isolated was 0.49 g. 

E XAMPLE 43 

[0092] In this exanple. an active ethylene polymerization catalyst was prepared by suspending 34 mg of bis(cydopen- 
tadienyl)zirconium(2,3-dimethyl*1.3-butadiene) and 85 mg ofJri(n-butyI)ar^ 
" 50 ml"oi totoerie irrrse^ 9'^* instantly as polymer pre- 

cipitated. After 5 rrinutes the bottle was opened and (he contents diluted with ethanol. The polymer formed was filtered 
off, washed wHh ethanol. and dried. The yiekf of polymer isolated was 1.06 g. 

EXAMPLE 44 

[0093] In this example, ethylene was polymerized by reading 20 mg of l -bis(cydopenladienyl)hafna-3-dimethylsila- 
cyclobutane and 39 mg of N.N-dimethylani&nium tetrakis(pentafluorophenyl)boron in 20 ml of toluene in a serum- 
capped round-bottomed flask. On passing ethylene through the sofution. polymer precipitated as the solution grew 
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